Background--Timely revascularization with percutaneous coronary intervention (PCI) reduces death following myocardial infarction. We evaluated if a sex gap in symptom-to-door (STD), door-to-balloon (DTB), and door-to-PCI time persists in contemporary patients, and its impact on mortality.
W orldwide, coronary artery disease is the leading cause of death for women as it is for men. Timely revascularization with percutaneous coronary intervention (PCI) is a critical component of improving outcomes in myocardial infarction (MI). In the setting of ST-segmentelevation MI (STEMI), emergent revascularization is key: improving door-to-balloon (DTB) times prevents deaths. 1, 2 In non-ST-segment-elevation MI (NSTEMI) revascularization within 24 and 72 hours for high-and intermediate-risk patients, respectively, is strongly recommended. 3 Markers of high-risk NSTEMI patients include elevated cardiac biomarkers at baseline, presence of diabetes mellitus, age ≥75 years, and GRACE (Global Registry of Acute Coronary Events) score >140. 4 Previous studies have identified a critical issue: that women with STEMI have delays in symptom-to-door (STD) and DTB times compared with their male counterparts. [5] [6] [7] In addition, women around the world experience higher bleeding and heart failure following MI with increased mortality compared with men. 8 There is ongoing debate as to whether this represents a true sex difference or is due to the presence of older age and comorbidities. In NSTEMI patients, sex-related delays in STD and revascularization times have not been well described.
Over the past decade Australian public awareness campaigns targeting women have championed early recognition and treatment of MI. 9 At the same time, sex discrepancies in revascularization and guideline-based treatment have been increasingly reported in the literature. The aim of the current study was to determine if a sex gap in time to presentation and revascularization of contemporary MI patients persists. This was with the goal of identifying specific targets for future education and research. In addition, we aimed to study the impact of delays in presentation and revascularization on mortality and clinical outcomes in women versus men.
Methods Patient Population
From 2013 to 2016, consecutive patients treated with PCI for MI (STEMI and NSTEMI) were prospectively entered into VCOR (the Victorian Cardiac Outcomes Registry). VCOR is an Australian, state-based clinical quality registry designed to monitor the performance and outcome of PCI in Victoria. VCOR was established in 2012 and is engaged at all hospitals in Victoria (13 public and 17 private) with all patients undergoing PCI or attempted PCI entered into the registry.
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VCOR collects baseline demographic and procedural characteristics as well as in-hospital and 30-day outcome data on all patients who undergo PCI at a given facility through a secure web-based data collection system. All data entry personnel are registered with VCOR, and data are entered in real time as the patient progresses through the hospital admission. 
Inclusion and Exclusion Criteria
Consecutive patients who received successful or attempted PCI for an MI (STEMI or NSTEMI) were included. STEMI was defined as elevated biomarkers and new or presumed new ST-segment elevation in 2 or more contiguous leads. Patients were excluded if they experienced an MI while already an inpatient (ie, did not present to hospital with an MI) due to absence of STD time in these patients. NSTEMI was defined as the presence of elevated biomarkers and at least 1 of either ECG changes (ST-segment depression or T-wave abnormalities), or ischemic symptoms. Patients with an NSTEMI were additionally classified into higher-risk subgroups due to the presence of diabetes mellitus, age ≥75 years, cardiogenic shock, or cardiac arrest on the basis of previously identified risk markers showing a benefit of an early invasive strategy in these patients. 4 Preprocedural creatinine was collected up to 60 days before the PCI, and the Cockcroft-Gault formula was used to determine estimated glomerular filtration rate. Left ventricular ejection fraction (LVEF) was collected during the index admission for STEMI patients and within 6 months before the index admission and 4 weeks postdischarge for NSTEMI patients. Normal LVEF was defined as LVEF >50%, mild dysfunction as LVEF 45% to 50%, moderate dysfunction as LVEF 35% to 44%, and severe dysfunction as LVEF <35%.
Primary and Secondary Outcomes
The primary outcome was unadjusted and adjusted time to presentation (STD time) and time to revascularization (DTB and door-to-PCI time). The STD time was calculated in both STEMI and NSTEMI patients. The DTB time was calculated for STEMI patients, and the door-to-PCI time calculated for NSTEMI patients. The proportion of NSTEMI patients with door-to-PCI time <24 hours ("early revascularization") was determined for the total cohort and also within higher-risk subgroups. The relevant times were defined as follows: STD as time from MI symptom onset to arrival at a PCI-capable center, DTB as time from arrival at a PCI-capable hospital to time of establishing flow in the culprit vessel (independent of which device was used for revascularization), and door-to-PCI as time from first hospital arrival to start of PCI procedure. Only STEMI patients who presented to the hospital within 12 hours of symptom onset and
Clinical Perspective
What Is New?
• Consistent with previous research, a significant delay in presentation and revascularization was seen in women with ST-segment-elevation myocardial infarction (STEMI). However, no sex-related differences were seen in non-STsegment-elevation myocardial infarction patients who received percutaneous intervention.
• The delay in symptom-to-door time was 4 times the delay in door-to-balloon time in women with STEMI.
What Are the Clinical Implications?
• Ongoing public awareness campaigns are needed to address women's recognition of symptoms and early action for STEMI.
• Medical professionals need to be aware of sex-related differences in door-to-balloon time, and institutions should champion protocols that reduce sex discrepancies in STEMI patients.
without interhospital transfer had DTB time collected and were included in the DTB time analysis. Secondary end points included in-hospital and 30-day major adverse cardiac events, major adverse cardiac and cerebrovascular events, and major bleeding. Major adverse cardiac events were defined as death, new or recurrent MI, stent thrombosis, and target vessel revascularization. Major adverse cardiac and cerebrovascular events were defined as above, inclusive of stroke. The international Bleeding Academic Research Consortium standardized bleeding definitions were used to report on major bleeding events (identified by Bleeding Academic Research Consortium categories 3 and 5), including bleeding that required blood transfusion, cardiac tamponade, intracranial hemorrhage, and/or any fatal bleeding.
Statistical Analyses
Associations in categorical variables were analyzed with chisquared or Fisher exact tests as appropriate and expressed as number and percentage. Continuous variables were analyzed with a t-test and were expressed as mean and standard deviation. Univariate and multivariate associations with sex were determined by logistic regression. Because the distributions of presentation and revascularization times were highly skewed, their data were log-transformed for analysis and back-transformed to determine an estimated geometric mean. Along with sex, variables determined a priori to be included in the multivariate models were age, diabetes mellitus, estimated glomerular filtration rate, previous PCI and/or coronary artery bypass grafting, history of peripheral vascular disease and cerebrovascular disease (CVD), LVEF, out-of-hospital and inhospital cardiac arrest, cardiogenic shock, and occurrence time of symptom onset. A P<0.05 was considered statistically significant for all analyses. Statistical analyses were performed using Stata version 14 (Statacorp, College Station, TX).
Results
Baseline and Pre-, Peri-, and Postprocedural Data A total of 13 451 patients underwent PCI for the treatment of NSTEMI/STEMI (47.8% STEMI) of whom 3021 (22.5%) were women. Table 1 shows the baseline demographic and clinical characteristics: female patients were significantly older, with more diabetes mellitus and cerebrovascular disease, than men. Male patients had significantly higher rates of previous PCI or coronary artery bypass grafting. Preand periprocedural characteristics including medications are presented in Table 2 . Radial access was used significantly less frequently in women than men in both STEMI and NSTEMI cohorts.
Symptom-to-Door Time
The geometric mean STD time according to sex and MI type are shown in Table 3 . In patients with STEMI the adjusted geometric mean STD time was significantly longer in women 
Revascularization Times
There were 753 (58%) female and 3154 (62%) male STEMI patients who presented within 12 hours of symptom onset, with no interhospital transfer. Of these, DTB time was available in 752 female and 3146 male patients, and data for both DTB and STD times were available in 747 female and 3136 male patients. The geometric mean door-to-PCI and DTB times according to sex and MI type are shown in Table 3 . In STEMI patients the adjusted geometric mean DTB time was significantly longer in women than men (88.4 versus 81.1 minutes, P=0.01). For STEMI patients who presented within 12 hours of symptom onset, who had no interhospital transfer, and who had both STD and DTB times available, the total mean ischemic time was calculated. The time difference in mean adjusted ischemic time in STEMI patients between female and male patients was 30 minutes (P<0.0001, illustrated in Figure) . 
Clinical Outcomes
In-hospital and 30-day outcomes are shown in Table 4 . The independent multivariate associations with 30-day mortality according to type of MI are shown in Table 5 . Female sex was an independent predictor of total mortality in the overall MI cohort (OR 1.51, CI 1.12-2.05, P=0.007, not shown in Table 5 ) and in the STEMI cohort but not in NSTEMI patients. DTB and STD time were not independently associated with total mortality. 
Discussion
The current study demonstrates that contemporary female patients with STEMI treated with PCI have delayed presentation and revascularization, with higher 30-day mortality, compared with men. After adjustment for multiple confounders women with STEMI had a 30-minute longer ischemic time than did men. In comparison to the significant disparity in female patients with STEMI, no sex difference in adjusted time to presentation, revascularization, or mortality was seen in NSTEMI patients.
Sources of Delay
The sex-related delay seen in STEMI patients was predominantly driven by prolonged STD time, with a delay 4 times that seen in the DTB time. Longer STD times have been linked to adverse outcomes in STEMI patients, and although DTB times have steadily decreased over the past decade, little change has been seen in the STD time. 7, [12] [13] [14] [15] Campaigns around the world, including the Australian Heart Foundation's "Invisible Me," have been conducted to increase women's awareness of the warning signs of heart attacks. 9, 16, 17 Previous research has identified that women with MI experience more atypical symptoms then men, with a higher rate of associated symptoms. 7, 18 However, in young patients with MI the majority of men and women experience chest pain (>85% for both). 19 Yet women still take longer to seek medical contact, present less to an emergency department, and their healthcare providers are less likely to attribute their prodromal symptoms to heart disease compared with men. 7, 18, 19 Our findings highlight that we must promote further public campaigns to address women's recognition and early action for STEMI symptoms.
Door-to-Balloon Time
The significant delay in DTB time in women presenting with STEMI seen in the current study adds to that revealed in past research. 6, 20 However, this delay has previously been linked to older age and a higher burden of comorbidities in women.
Our study identifies a persistent sex gap after adjustment for these known confounders. Women have been described as having higher rates of incorrect triage and delay to first ECG. 20, 21 We found that the culprit lesion was more often the right coronary artery in women and the left anterior descending artery in men-perhaps resulting in more subtle ECG changes in women. However, DTB time delays in women have been previously documented even after correction for ECG characteristics. 22, 23 The current study showed a similar rate of paramedic prehospital ECG notification between men and women-a process that is driven by protocol. It is therefore no surprise that implementation of a protocol focused on cardiac catheterization lab activation, a checklistguided early triage, guideline-directed medical therapy, and a radial first approach in the treatment of STEMI benefited women more than men. 24 
In-Hospital Complications
In line with the vast body of literature worldwide, we found that women had significantly higher in-hospital complications, Figure. Adjusted mean ischemic time in female vs male STEMI patients. The total adjusted geometric mean ischemic time was calculated for STEMI patients who presented within 12 hours of symptom onset, with no interhospital transfer, and who had both symptom-to-door (STD) and door-to-balloon (DTB) time available. The adjusted mean STD and DTB times were 7.3 and 17.6 minutes longer, respectively, in women compared with men, giving a total 30-minute delay in the geometric mean ischemic time. STEMI indicates ST-segment-elevation myocardial infarction. major bleeding, and total mortality following MI compared with men. 25, 26 Female sex was an independent predictor of higher mortality in STEMI patients independent of age and risk factors. 27 Although MI occurs 3 to 4 times more frequently in men in younger patients, women represent the majority of patients >75 years. 28 With an aging population, a persistent sex gap in the STEMI cohort must be of global concern. In our study incremental increases in STD and DTB times were univariate predictors of 30-day mortality but were not found to be independent predictors. Nevertheless, the timedependent ischemic cell death that occurs in STEMI, and hence the importance of early revascularization with a DTB time ≤90 minutes, has been well established. 13, 29 Women with STEMI in our study had significantly lower rates of radial access, higher bleeding events, and less appropriate secondary prevention medications. The lower radial access use likely contributed to the higher bleeding events and potentially the higher observed mortality in women, and increasing radial access in women warrants further study.
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NSTEMI Patients
In patients with NSTEMI an early invasive approach has been associated with a reduction in ischemia and even mortality in high-risk subsets. 4, 32 However, conflicting results in sex differences have been seen in regard to presentation delays and the benefit of timely PCI. 33, 34 In the current study female sex in NSTEMI was not associated with a delay in STD or door-to-PCI time and led to no increased mortality after adjustment for confounders. Analysis of early (<24 hours) versus late revascularization in higher-risk NSTEMI cohorts still demonstrated no sex difference. The current study only included patients who underwent PCI for NSTEMI. Previous studies showing a sex-related gap in NSTEMI patients may reflect the lower rates of invasive angiography or PCI in women overall. 35 
Limitations
The current study is limited by its observational nature. Analysis to correct for confounders was performed, but we can only correct for known or measured confounders. Within the registry, DTB time was calculated only in STEMI patients who presented directly to a PCI-capable hospital. Hence, we cannot comment on DTB times in patients who underwent interhospital transfer from a peripheral hospital. We can only speculate on the reasons for the longer ischemic time seen in women, as registry data did not include presenting symptoms, type of first medical contact, or transportation to the hospital. Preprocedural creatinine was not collected in %20% of STEMI patients, and hence, renal failure could not be factored into the multivariate analysis in this group. A high-risk NSTEMI cohort was defined as patients with the presence of previously identified high-risk features from meta-analyses. A GRACE score was not able to be calculated due to the lack of all baseline data required (blood pressure, heart rate, Killip 
Conclusions
Significant sex-related disparity persists in women with STEMI, with adjusted delays in presentation, revascularization, and a higher mortality compared with men. In comparison, no sex-related difference was seen in NSTEMI patients treated with PCI. Continued public awareness campaigns targeting recognition of STEMI symptoms in women and ongoing studies analyzing delays at the medical profession level are urgently needed to close the gap.
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